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Abstract 
Improving energy and resource efficiency of food production technological processes, particularly the processing of raw agricultural 
materials, based on the use of modern physical methods, is presently one of the directions of food and processing industry 
development in Russia. Successful implementation of knowledge-based approaches and innovative solutions in this field is a 
guarantee of sustainable development of food and processing industry. Simulation is a key tool in solving this problem. The 
construction of adequate mathematical models of technological processes based on fundamental principles for developing a set of 
qualitative and functional characteristics of plant origin raw materials allows you to create differentiated technologies of 
processing and storage to ensure consistent quality, storage capacity and minimize losses of the target product. Using 
mathematical models we defined the next task as to organize the production of food grain-based target quality when using grain raw 
materials with predictable consumer characteristics at a certain level. We have investigated the processing of barley grain brewing by 
electrophysical effects and optimum parameters of this impact: the heating rate of 0.4 °C/s and the exposure processing 90 C; the 
heating rate from 0.4 to 0.8 °C/s and the exposure processing from 30 to 60 C; heating rate of 0.6 to 0.8 °C/s and the exposure 
processing from 30 to 45 s; heating rate of 0.6 to 0.8 °C/s and the exposure processing from 60 to 90 s. The values of these 
parameters allowed us to obtain stable disinfecting effect of saving, and for some indicators – improving malting grain quality of 
barley. Overall, it can be noted that electrical effects can reduce energy consumption, along with efficient contributes to the 
destruction of the grain pathogenic microflora of various etiologies, to ensure the safety of the protein complex, the quantity and 
quality of starch in barley, as well as improve the whole complex of physical and chemical parameters that determine malting quality 
of barley, and, most importantly, allows obtaining environmentally safe products. 
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1. Introduction 
The decision of the majority of scientific and engineering tasks associated with the design and optimization of 
technological processes of production, forecasting of development of processes in time, based on mathematical 
modeling [1,2,3]. 
Mathematical modeling in solving the problem of increasing energy and resource efficiency of food production 
primarily involves obtaining mathematical models of the studied processes accurately and adequately describe them 
[4,5,6]. 
The construction of such models enables further research of the process of food production on the basis of his 
analysis of mathematical models, which greatly reduces material and human resources to address specific tasks – 
food manufacturing grain-based target quality when using grain raw materials with predictable consumer 
characteristics a certain level. 
Thus, to solve the problem of increasing energy and resource efficiency of food production, using methods of 
mathematical modeling, we have investigated the processing of barley grain brewing by electrophysical effects and 
optimum parameters of this impact, which yielded grain a given level of quality. 
2. Relevance, the scientific importance of the question with a brief review of the literature 
Today sharply there is a question about the environmental safety of the grain food commodity. Every year 
increasingly deteriorating health of the population and the process of depopulation due to high mortality rates [7,8].  
In this regard, a priority in the food industry is providing the population of Russia high quality and ecologically 
safe food products. Food security of the population and the sustainability of food products are one of the most 
important criteria of their socio-economic well-being [9]. 
Considering that food security is a critical component of national security of the population; recognizing that 
Russia's dependence on foreign producers of food products and agricultural raw materials makes it vulnerable 
because of the possibility of penetration into the domestic market of low-quality products, we note that at present 
this problem is very actual, especially in adverse environmental conditions of the human environment [10]. 
Grain resources are the basis of food security of Russia. Grain of various crops used in milling, bakery, 
confectionery, pasta, cereal industry, in addition, grain is the raw material for starch, beer and soft drinks, alcohol, 
oil and other industries [11].  
The main task in the production of food grain-based is the most complete preservation of the useful natural 
properties of the grain, therefore, timely monitoring of its quality at the stages of reception, storage and processing 
are crucial. The quality of grain and products of its processing are characterized by a set of technological, biological, 
physical, chemical and consumer properties that contribute to its suitability for intended use. Maintaining a certain 
level of grain quality continues to remain a challenge: the crops are affected by microorganisms in the process of 
vegetation and maturation; during harvesting, transportation, storage of grain germs remain, only their quantitative 
and qualitative composition gradually changes [12,13]. 
Microorganisms are the most physiologically active part of such geo-ecological system, as the grain mass. Years 
of studies have shown that the leading role in the deterioration and spoilage of grain, even at short-term storage, is 
played by microorganisms, primarily filamentous fungi. Exactly filamentous fungi, which has a powerful enzyme 
aid, contribute to the loss of dry matter, the deterioration of the nutritional and technological qualities of the grain 
during storage. For this reason, grain party may become unsuitable for food production, which may entail large 
losses [12]. 
The products of vital activity of microorganisms not only reduce palatability of products, but also can give people 
food poisoning, goiter, allergic reactions, aseptic angina and other serious diseases. Many species of filamentous 
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fungi may develop in the product during its storage even at low temperatures, forming toxic products of metabolism 
[12].  
It is therefore necessary to carry out activities aimed at the reduction of microbial contamination. This can be 
achieved through the use of highly effective and ecologically safe methods. 
3. Statement of the problem 
To optimize the technological process of production of food grain-based certain level of quality based on the 
formation of the fundamental principles of developing a set of qualitative and functional characteristics of vegetable 
raw materials for the creation of differentiated technologies for its processing and storage to ensure consistent 
quality, storage capacity and minimize losses of the target product, using innovative technological methods and 
modern methods of mathematical modeling. 
4. The theoretical part 
Traditional methods such as grain cleaning from impurities; heat treatment at a temperature of 40-50 ° C; storage 
in a refrigerated state with the moisture content of the grain to 15.5 %; dielectric fractionation; sound processing; 
chemical preservation; the use of enzyme preparations, antibiotics; exposure to ultrasound, infrared radiation, Į-, ȕ-, 
Ȗ-rays, etc., with varying degrees of satisfaction were adequate, but not always able to provide environmentally 
friendly products [14,15,16,17]. 
Today effective is environmentally safe decontamination of grain energy of the electromagnetic field of ultrahigh 
frequency. The novelty of this method is confirmed by the patent of the Russian Federation [18]. 
5. Practical significance 
Two patents of the Russian Federation: No. 2283861 (2005) and No. 2292164 (2005) [18,22]. The results of 
researches of influence of modes of electrophysical effects on fungal microflora of grain produce an 
environmentally friendly product, improve quality and improve technological properties of grain and products of its 
processing. The results of experiments and research methodology used in the educational process of the Department 
of equipment and technologies for food production, South Ural state University, and also at the course and degree 
designing. 
6. The results of experimental studies 
With the aim of creating effective technologies that improve the quality of food is grain-based, was conducted a 
complex of studies on the question of the degree of influence of electrophysical influence on the number of fungus 
infection on grain quality indicators, defined and effective modes of this impact. 
During the experiment, the methodology of active planning, according to which was chosen as the experiment 
plan Kono2, which allows to study the influence of two factors: the exposure treatment and heating rate on 
microbiological and technological characteristics of grain of barley. The experimental setup consisted of 10 options, 
including one control, for control (option 10) was taken as a sample of barley grain, which is not subjected 
electrophysical effects. 
Table 1 presents the experimental data of the research of the degree of influence of electrophysical effects on 
phytopathogenic complex and technological parameters of grain quality of malting barley. 
The adequacy of the obtained equations was assessed by the Fisher test. Two-factor design of experiments 
allowed to establish the optimal range of temperature of heating of the product í 58í60 °C, which gives the effect of 
disinfection and bacterial filamentous microorganisms, while maintaining the viability of the grain. 
Mathematical modeling of processes allowed to establish laws associated with purposeful management of the 
studied process by changing input parameters, and to examine the degree of influence of these parameters on the 
technological properties of the object, thereby to obtain a finished product of the required quality level. 
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So defined two modes of electrophysical influence in which there is a maximum disinfecting effect and maintained the 
viability of barley grain: option 1 í the heating rate of 0.4 °C/s and the exposure processing with 90; option 2 í the heating 
rate of 0.6–0.8 °C/s and the exposure processing, 30-45 s. 
The effectiveness of disinfection was compared with indicators of the biochemical composition of barley grain 
[14].  
Table 1. These studies of the influence of the energy field of ultrahigh frequency on phytopathogenic complex and indicators of quality of grain 
of malting barley. 
Number 
options 
The heating 
temperature, 
[°C] 
The infestation of fungal infection [%] 
The energy 
of 
germination 
[%] 
The 
protein 
content, 
[%] 
The 
starch 
content, 
[%] 
Extract, 
[%] 
ɪ. 
Aspergillus 
ɪ. 
Alternaria 
ɪ. 
Penicillium 
ɪ. 
Fusarium 
ɪ. 
Mucor 
1 78 0 0 0 0 18 0 7.15 38.8 74.0 
2 35 0 14 7 3 20 88 8.15 44.8 73.9 
3 52 0 19 10 2 30 71 7.65 42.4 73.0 
4 30 93 37 8 5 35 89 7.8 52.0 72.3 
5 63 0 2 0 0 23 13 7.4 35.2 75.8 
6 33 13 41 10 1 26 86 7.8 45.4 72.6 
7 62 0 0 0 0 12 38 7.15 25.6 73.8 
8 48 37 44 8 3 25 72 8.4 49.6 72.6 
9 55 0 14 5 1 14 67 7.4 44.8 75.8 
10 23 100 31 21 6 49 80 8.4 52.0 72.4 
Statistical processing of experimental data, regression and ANOVA allowed us to obtain an adequate mathematical model 
in the form of regression equations of the second order (1) í (10) [19,20]: 
,                                          (1) 
2
2 1 2 1 2 2ˆ 55,2 5,2 4,8 1,3 45,2y x x x x x     ;                (2) 
2 2
3 1 2 1 2 1 2ˆ 8,7 7,4 13,1 1,1 2,9 3,8y x x x x x x      ;                (3) 
2 2
4 1 2 1 2 1 2ˆ 4,4 2 1,6 0,8 1,5y x x x x x x      ;                (4) 
2
5 1 2 2ˆ 2,9 1,1 1,2 1,6y x x x    ;                  (5) 
2 2
6 1 2 1 2ˆ 15 1,6 6,7 8,6 2,3y x x x x     ;                (6) 
2 2
7 1 2 1 2 1 2ˆ 56,3 29,8 18,1 17,5 1,5 4,5y x x x x x x      ;                (7) 
2 2
8 1 2 1 2 1 2ˆ 7,5 0,3 0,2 0,2 0,03 0,2y x x x x x x      ;               (8) 
2 2
9 1 2 1 2 1 2ˆ 39,7 4,3 5,8 0,9 3,3 0,4y x x x x x x      ;              (9) 
21
2
1211 4,56,65,72,169,54 xxxxxy  

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2 2
10 1 2 1 2 1 2ˆ 75,0 0,69 0,62 0,14 0,45 1,45y x x x x x x      ,           (10) 
where 1yˆ   the heating temperature, [°ɋ]; 2yˆ  6yˆ  – infestation by fungi ɪ. Alternaria, ɪ. Fusarium, ɪ. Penicillum, ɪ. 
Aspergillus, ɪ. Mucor, [%], accordingly; 7yˆ – the energy of germination, [%]; 8yˆ – the protein content, [%]; 9yˆ – the 
starch content, [%]; 10yˆ – extract, [%]. 
In the course of the investigation it was determined that the content of total nitrogen (Fig. 1) slightly decreases 
with consideration of temperature effects (1.29±0,4) %, which determines the subsequent decrease of the mass 
fraction of protein in the grain to (8.12±0,4) %. 
 
Fig. 1. Mathematical model of the proces of electrophysical effects on grain protein content of malting barley, [%]. 
 
Fig. 2. Mathematical model of the process of electrophysical influence on the content of starch in barley grain brewing, [%]. 
A slight decrease in protein content provides the ability to get beer, more resistant to the formation of turbidity. 
The most effective will be the next mode of action: heating rate from 0.4 to 0.8 °C/s and the exposure processing 
0,4
0,5
0,6
0,7
0,8
30,00
35,00
40,00
45,00
50,00
55,00
30 45 60 75 90
the heating rate, 
C/s
the starch 
content in barley 
grain, %
the treatment time, s
50,00-55,00
45,00-50,00
40,00-45,00
35,00-40,00
30,00-35,00
299 Y.I. Kretova /  Procedia Engineering  129 ( 2015 )  294 – 299 
from 30 to 60 s.  
The brewing properties of barley are defined in the same amount of starch and structure, the ratio of large and small starch 
grains. Usually, the more barley contains starch, the higher the yield of the extract, the difference between the content of 
starch in barley and its extract is in the range of 10–20 % [15]. 
Under the influence of microwave field is observed some changes in the carbohydrate fraction by raising the 
temperature. The change of starch under the influence of microwave field is presented in Figure 2. 
Processing of experimental data has allowed to establish effective exposure field of ultrahigh frequency, which is 
heated to 55 grain 63 °C and simultaneously stimulated the hydrolysis of starch, increases the amount of extractives, 
namely: the heating rate of 0.6 to 0.8 °C/s and the exposure processing from 60 to 90 s. 
7. Conclusions 
Treatment of the grain field of ultrahigh frequency heating rate of 0.6 to 0.8 °C/s and the exposure processing 
from 60 to 90 C causes the disinfectant effect for almost all types of fungus infection, the heating temperature of 
grain in this case is from 60 to 70 °C. 
As a result of electrophysical influence changes the biochemical composition of barley grain. Effective you 
should consider modes with a heating rate of 0.4 to 0.8 °C/s, the exposure processing from 30 to 60 sec and a 
temperature of from 30 to 64 °C, and the modes at a heating rate of 0.6 to 0.8 °C/s, the exposure processing from 60 
to 90 C, a temperature of 32 to 77 °C, at which stored the technological parameters of grain, namely, increases the 
vigour 1.1 times; reduced content of proteins 1.11.2 times; decreases the starch content of 1.11.2 times; increases 
the extract of barley grains brewing in 1,021.1 times. 
Thus, a detailed analysis of the technological process of processing of grain raw materials by means of mathematical 
modeling allowed us to determine the optimal parameters of the flow of the process and to obtain products with desired 
characteristics, thereby the products of a certain level of quality. 
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